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ABSTRACT 

Apparatus that removes solids from a liquid by 
flotation and by sedimentation has a uniform surface 
distribution of small bubbles for making solids float. 
Large bubbles which would cause turbulence and uneven 
bubble flow are confined and eliminated. ■ - 
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background: of the invention 

In dissolved air flotation clarifiers, compressed 
air is dissolved in a relatively solids free pressurized 
liquid such as previously clarified process effluent. 
This air charged liquid stream (called pressurized flow) 
is passed through a pressure reduction valve which pro- 
duces a large quantity of bubbles in the liquid. The 
bubbles will attach to the solid particles in waste being 
clarified and cause such particles to float to the surface 
for removal. The efficiency and effluent quality of such 
clarifiers is dependent on control of the size and distri- 
bution of the bubbles.- The performance of prior art 
dissolved air flotation clarifiers has been adversely 
affected by the presence of uncontrollable large bubbles. 
Such large bubbles rise very rapidly causing pockets of 
uncontrolled turbulence. Also, prior art clarifiers have 
not achieved a satisfactory degree of small bubble distri- 
bution over the entire surface of the liquid. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention 
to provide an improved dissolved air flotation clarifier. 

In one broad aspect, the invention comprehends 
an apparatus for separating solids from liquids, which 
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comprises a vessel having a clarified liquid outlet 
conduit, means at its bottom for collecting settled solids 
for disposal through a first solids outlet conduit, means 
for collecting floatable solids and for passing such 
floatable solids through a second solids outlet conduit, 
and means for raising such floatable solids towards the 
surface of the liquid comprising an enclosure submerged 
below the surface of the liquid which has a perforated 
wall. Inlet means feed a pressurized mixture of 
solids, liquid and gas bubbles into the interior of 
the enclosure, and means prevent escape of gas bubbles 
from the enclosure into the vessel except through the 
perforations in the wall. The relative volume of the 
enclosure is sufficient to detain floatable solids and 
air bubbles in the enclosure for a time sufficient to 
cause substantially all floatable solids to contact and 
adhere to small bubbles. The sizing and location of the 
perforations cause a relatively uniform distribution of 
the gas bubbles throughout the vessel for raising the 
floatable solids and the enclosure has means permitting 
escape of non- floatable solids to the bottom of the vessel. 

The clarifier of this invention provides for a relatively 
uniform distribution of small bubbles wherein the deleterious 
effects of bubbles of uncontrolled large size are reduced 
or eliminated. 

The apparatus effectively removes solids from liquids 
by both flotation and sedimentation and is relatively econ- 
omical, durable, and easy to adjust and maintain. 

Other aspects and advantages of the invention will be 
found in the specification and claims, and the scope of 
the invention will be set forth in the claims. 
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DESCRIPTION OF THK DRAWING 

Fig. 1 is a partially broken-away top plan view 
of apparatus in accord with this invention. 

Fig. 2 is a partially broken-away side elevation 
of the apparatus shown in Fig. 1. 

Fig. 3 is a plan view taken along the line 3-3 
in Fig. 2, appearing with Fig. 1. 

Fig. 4 is a plan view taken along the line 4-4 
in Fig. 2. 

DESCRIPTION OF THE INVENTION 

The drawing shows a dissolved air flotation 
clarifier 10 for separating the solids from the liquid 
component of sewage or industrial waste by both sedimention 
and flotation. A cylindrical vessel 11 has a conical 
bottom 12 which slopes to a center depression 13. A first 
solids outlet conduit 14 communicates with depression 13 
for removal of settled solids. An overflow weir defined by 
the upper edge 15 of vessel 11 controls the level of liquid 
in vessel 11 , and collection trough 16 conveys clarified 
liquid to a liquid outlet conduit 17. A cylindrical 
scum baffle 18 is supported radially inwardly of vessel 
11 by brackets 19. The upper edge 20 of baffle 18 extends 
above the surface of the liquid and thereby confines 
floatable solids within baffle 18. A plurality of 
radially extending rotatable paddles 21 are schematically 
depicted in the drawing. Paddles 21 are attached to 
circular disc 22 and supported by struts 23. Disc 22 
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is attached to and rotates with a center torque shaft or 
tube 24. A plurality of bottom scraping rakes 26 are 
attached to torque tube 24 and supported by cables 27. 
Conventional motor means (not shown) slowly rotates torque 
tube 24 and this causes rakes 26 to scrape settled solids 
down bottom 12 to depression 13 where plows 28 attached 
to tube 24 further thicken the settled solids prior to 
removal in conventional manner through conduit 14. 
Rotation of paddles 21 forces floating solids adjacent 
the surface of the liquid into trough 29 from which they 
are removed through a second solids outlet conduit 31. 

Floatable solids are carried toward the upper 
surface of the liquid in vessel 11 by bubbles formed 
by a gas -liquid mixture that enters through pipe 34 and 
is mixed with incoming solids and liquids in inlet conduit 
35. For example, pressurized flow consisting of water 
saturated with air compressed by conventional means to a 
pressure of about 40 p.s.i. will produce countless bubbles 
having diameters of from about 25-50 microns, when passed 
through a pressure reduction valve and released to atmos- 
pheric pressure in conduit 35. 

The small bubbles will be confined and mixed with 
floatable solids for a sufficient length of time to assure 
adequate contact and then will be uniformly dispersed when 
the mixture in conduit 35 is fed into a stationary center 



1096516 



feedwell enclosure 36 in accordance with this invention. 
Sidewall 37 of enclosure 36 has the shape of a right 
circular cylinder with tube 24 at its longitudinal 
centroidal axis. A plurality of perforations 38 are 
uniformly spaced around the upper half only of sidewall 
37 below the upper surface thereof . A vertical baffle 
39 disperses incoming solids , liquid and gas bubbles 
around the inside of enclosure 36 below a horizontal 
baffle 40 having a center opening 41. Relatively heavy 

10 solids are trapped in the lower chamber of enclosure 36 

by baffle 40, while hole 41 permits rise of bubbles and 
fine solids into the perforated upper chamber- A bottom 
closure member in the form of a flat plate 42 perpendicular 
to the axis of enclosure 36 permits settling of the large 
solids through a circular opening 43 at its center. A 
plate 44, which may be flat or may be an inverted cone/ 
spans the top of enclosure 36 so as to define a top 
closure member. An upstanding annular rim 45 on plate 44 
defines a circular hole 46 in the center of plate 44. 

20 Hole 46 is closed by an inverted cup-shaped seal 47, which 

is secured to the outside of and rotates with torque tube 
24. Seal 47 telescopes over rim 45 and has a sliding 
fit therewith. The bottom of enclosure 36 is held in place 
by cables 48 attached to baffle 18. The top of enclosure 
36 is vented to the atmosphere through a pipe 4 9 having 
its lower end communicating with the inside of enclosure 
36 through the horizontal surface 51 of seal 47 and its 
upper end extending above the surface of the liquid. 
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Pipe 49 rotates with seal 47 thereby passing the pipe 
entrance opening over a constantly changing area of hole 46. 

The bubbles in enclosure 36 can enter vessel 11 
essentially only by passing through the perforations 38 
in its upper half. The size of perforations 38, the dia- 
ler and height of wall 37 and the vertical location of 
enclosure 36 can be predetermined in relation to the 
volume of pressurized flow and raw waste leaving conduit 
35 so as to produce a relatively uniform distribution of 
fine bubbles throughout the liquid within baffle 18. It 
is necessary that the volume of enclosure 36 be sufficient 
to result in a minimum of forty-five to sixty seconds of 
detention time for solids and bubbles therewithin. This 
will ensure that the turbulent flow in enclosure 36 will 
cause essentially all of the floatable solids to contact 
and adhere to small bubbles. The escaping bubbles will 
quickly carry to the surface for removal of : the small 
solid particles that would be slow to settle to bottom 12. 
An excess of small bubbles should be produced so that 
solid particles which break up after leaving enclosure 36 
are caught by the excess bubbles and carried to the 
surface. Inevitably, some large bubbles form in enclosure 
36. These large bubbles rise immediately to the top of 
enclosure 36 where they migrate into hole 46 and out to the 
atmosphere through pipe 49. Rotation of pipe 49 around 
hole 46 prevents isolation of pockets of gas therewithin. 

In an embodiment of the invention used to clarify 
refinery waste, 450 gallons per min. of pressurized flow 
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at 40 p.s.i. passed through a pressure reduction valve and 
then was mixed with 900 gallons per min. of oily waste 
and fed into an enclosure 36 having an eighty-four inch 
diameter and a height of forty-eight inches. Horizontal 
baffle 40 was located twelve inches above the bottom edge 
of scum baffle 18, Three rows of four inch diameter cir- 
cular perforations were spaced at six and nine sixteenth 
inch intervals around its sidewall 37 , the centers of the 
uppermost row being three inches from the top of sidewall 

10 37 and the centers of the remaining two rows of perforations 
being spaced respectively six and one half inches lower. 
Baffle 40 was spaced twenty-one inches below the top of 
sidewall 37. Openings 41 and 43 both had a diameter of 
thirty-six inches, hole 46 had a twelve inch diameter, 
and vent pipe 49 had a two inch diameter and made a 
maximum of ten revolutions per hour. Baffle 18 had a 
diameter of twenty-eight feet, and vessel 11 had a dia- 
meter of thirty feed and a volume of 6000 cu. ft. After 
startup and adjustment, visual observation of the operation 

20 of this clarifier revealed an essentially uniform distri- 
bution of fine bubbles over the entire surface of the 
liquid within baffle 18. No large bubbles or areas of 
turbulence were observed. The bubbles released in vessel 
11 were in the size range of about twenty- five to fifty 
microns. 

It has thus been shown that by the practice of 
this invention the uncontrollable turbulence and disruptions 
caused by large bubbles are eliminated. The structure of 
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enclosure 36 causes such large bubbles to be isolated 
and then vented directly to the atmosphere. This results 
in an essentially uniform distribution of very fine bubbles 
over the entire surface of the liquid within baffle 18 and 
produces better liquid clarification. Also, the structure 
and volume of enclosure 36 are related to the volume of 
waste and pressurized flow so as to produce a controlled 
turbulence of sufficient duration to ensure adherence of 
the floatable solids to bubbles before they escape from 

10 the enclosure. 

While the present invention has been described 
with reference to a particular embodiment, it is not 
intended to illustrate or describe herein all of the equiva- 
lent forms or ramifications thereof. Also, the words 
used are words of description rather than limitation, and 
various changes may be made without departing from the 
spirit or scope of the invention disclosed herein. It 
is intended that the appended claims cover all such 
changes as fall within the true spirit and scope of the 

20 invention. 
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The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. Apparatus for separating solids from liquids 
comprising a vessel having a clarified liquid outlet conduit, 
means at its bottom for collecting settled solids for disposal 
through a first solids outlet conduit, means for collecting float- 
able solids and for passing such floatable solids through a second 
solids outlet conduit, and means for raising such floatable 
solids towards the surface of said liquid comprising an enclosure 
submerged below the surface of said liquid having a perforated wall 
inlet' means for feeding a pressurized mixture of solids, liquid 
and gas bubbles into the interior of said enclosure, means 
for preventing escape of gas bubbles from said enclosure into 
said vessel except through the perforations in said wall, the 
relative volume of said enclosure being sufficient to detain 
floatable solids and air bubbles in said enclosure for a time 
sufficient to cause substantially all floatable solids to contact 
and adhere to small bubbles, and the sizing and location of said 
perforations causing a relatively uniform distribution of said 
gas bubbles throughout said vessel for raising said floatable 
solids, said enclosure having means permitting escape of non- 
floatable solids to the bottom of said vessel. 

2. Apparatus for separating solids from liquids 
comprising a circular vessel having a clarified liquid outlet 
conduit at its periphery, a depression at the center of the 
bottom of said vessel for collecting settled solids for disposal 
through a first solids outlet conduit, a circular scum baffle 
located radially inwardly of said periphery and having an upper 
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edge extending above the surface of the liquid in said vessel, 
means for collecting floatable solids and for passing such 
floatable solids through a second solids outlet conduit, and 
means for raising such floatable solids toward the surface of 
said liquid comprising a circular enclosure at the center of 
said vessel submerged below the surface of said liquid having 
a perforated generally vertical side wall, an inlet conduit for 
feeding a pressurized mixture of solids, liquid, and gas bubbles 
into the interior of said enclosure for turbulent mixing of 
bubbles and floatable solids, means for preventing escape of 
gas bubbles from said enclosure into said vessel except through 

» 

the perforations in said side wall, the relative volume of said 
enclosure being sufficient to detain floatable solids and air 
bubbles in said enclosure for a time sufficient to cause 
substantially all floatable solids to contact and adhere to 
small bubbles, and the sizing and location of said perforations 
causing a relatively uniform distribution of small gas bubbles 
throughout said vessel for raising said floatable solids, said 
enclosure having means for permitting escape of non- floatable 
solids to the bottom of the vessel. 

3. The invention defined in Claim 2 wherein said 
means for preventing escape of gas bubbles comprises a 

top closure spanning said circular enclosure and a pipe passing 
through said top. enclosure and extending above the surface 
of said liquid so as to vent the interior of said circular 
enclosure to the atmosphere. 

4. The invention defined in Claim 3 wherein snid 

top closure comprises an upstanding rim defining a hole through 
said top closure, an inverted cup-shaped seal telescopes over 



10 



109G516 



said rim so as to close said hole, and said pipe passes through 
said inverted cup-shaped seal, 

5. The invention defined in Claim 2 wherein said means 
for permitting escape of non-floatable solids comprises a bottom 
closure member for said circular enclosure having a central 
opening therethrough, 

6. The invention defined in Claim 2 wherein said means 
for preventing escape of gas bubbles comprises a top closure 
spanning said circular enclosure and a pipe passing through 
said top closure and extending above the surface of said liquid 
so as to vent the interior of said circular enclosure to the 
atmosphere, and said means for permitting escape of non-floatable 
solids further comprises a bottom closure member for said circular 
enclosure having a central opening therethrough. 

7. The invention defined in Claim 6 wherein said 
circular enclosure is a right circular cylinder, said top 
and bottom closures are each flat plates lying in planes that 
are perpendicular to the longitudinal centroidal axis of 
such cylinder, 

8. The invention defined in Claim 2, Claim 3 or Claim 5 
wherein the perforations in said vertical side wall are located 
only in its upper half. 

9. The invention defined in Claim 2, Claim 3 or Claim 6 
further comprising a rotatable bottom rake for scraping settled 
solids into said depression, a rotatable paddle at the surface 
of said liquid for skimming floating solids enclosed within said 
scum baffle to said means for collecting floatable solids, and a 
shaft for rotating both said rake and said paddle passing through 
the center of said circular enclosure. 
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10. The invention defined in Claim 2, Claim 3 or 
Claim 6, further comprising a baffle spanning the interior of 
said enclosure above said inlet conduit, there being a relatively 
large opening through the center of said baffle. 

11. The invention defined in Claim 2, Claim 3 or 
Claim 6, further comprising the volume of said enclosure being 
sufficient to detain solids and bubbles therewith for about 

45 - 60 seconds. 

12. Apparatus for separating solids from liquids 
comprising a circular sedimentation vessel having a 
peripheral weir over which clarified liquid flows to a 
liquid outlet conduit , a depression at the center of the 
bottom of said vessel for collecting settled solids for 
disposal through a first solids outlet conduit, a circular 
scum baffle located radially inwardly of said weir and having 
an upper edge extending above the surface of the liquid in 
said vessel, means for collecting floatable solids and for 
passing such floatable solids through a second solids outlet 
conduit, a right circular cylindrical enclosure at the center 
of said vessel submerged below the surface of said liquid, 

a horizontal baffle with a large hole in its center dividing 
said enclosure into upper and lower chambers , said enclosure 
having a generally vertical side wall with spaced perfora- 
tions in only its upper half, an inlet conduit for feeding 
a pressurized mixture of solids, liquid, and air bubbles into 
said lower chamber, means spanning and sealing said enclosure 
at its top and a pipe passing through said sealing means and 
extending above the surface of said liquid so as to vent the 
interior of said upper chamber to the atmosphere for preventing 
escape of air bubbles except through the perforations in said 
side wall, a bottom closure member of said enclosure having a 
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central opening therethrough permitting solids in said enclosure 
to escape to the bottom of said vessel , the volume of said 
enclosure being sufficient to detain floatable solids and air 
bubbles therewithin for about 45 - 60 seconds, a rotatable 
bottom rake for scraping settled solids into said depression, 
a rotatable paddle at the surface of said liquid for skim- 
ming floating solids enclosed within said scum baffle to said 
means for collecting floatable solids, a rotatable shaft for 
rotating both said rake and said paddle passing through the 
center of said sealing means, said vent pipe also rotating 
with said shaft. 

13. Apparatus for separating solids from liquids 
comprising a sedimentation vessel having a weir over which 
clarified liquid flows to a liquid outlet conduit, a 
depression in the bottom of said vessel for collecting settled 
solids for disposal through a first solids outlet conduit, 
means for collecting floatable solids and for passing such 
floatable solids through a second solids outlet conduit, means 
for raising such floatable solids toward the surface of said 
liquid comprising an enclosure submerged below the surface of 
said liquid having a generally vertical side wall with spaced 
perforations only in its upper half, an inlet conduit for feed- 
ing a pressurized mixture of solids, liquid, and air bubbles 
in the size range of 25 - 50 microns into the interior of said 
enclosure, means spanning and sealing said enclosure and a 
pipe passing through said sealing means and extending above 
the surface of said liquid so as to vent the interior of said 
enclosure to the atmosphere for preventing escape of air bubbles 
except through the perforations in said side wall, a bottom 
closure member of said enclosure having a central opening 
therethrough permitting solids in said enclosure to escape to 
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the bottom of said vessel, the volume of said enclosure 
being sufficient to detain floatable solids and air bubbles 
therewithin for about 45 - 60 seconds, a rotatable bottom 
rake for scraping settled solids into said depression, a 
rotatable shaft for rotating said rake passing through said 
sealing means, said vent pipe also rotating with said shaft, 
and the sizing and location of said perforations causing a 
relatively uniform distribution of said air bubbles through- 
out said vessel for raising said floatable solids. 
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